Abstract: Nutrient leaching is often a problem especially in tropical areas with soil fertility constraints. This study aims to reveal the effect of biochars on leaching and uptake of nitrogen and potassium from degraded soils cultivated with maize. Each of three types of biochar originated from rice husk, wood, and coconut shell, was applied to the soil placed in PVC tube at four rates (0, 15, 30, and 45 t/ha). Maize was then planted in each pot. All pots received urea (135 kg N/ha), SP36 (36 kg P 2 O 5 /ha), and KCl (110 kg K 2 O/ha). Twelve treatments (three biochars and four application rates) were arranged in a factorial randomized block design with three replicates. Results of the study showed interaction effects of biochar materials and biochar rates on nitrate leaching (except on day 1 to 30) and potassium, N uptake, and plant growth. On day 1-30, leaching of nitrate and potassium was reduced by biochar application. The lowest nitrate leaching was observed at rate of 45 t /ha of wood biochar, while application of 45 t coconut shell biochar / ha resulted in the highest K leaching. Beside, wood biochar resulted in a similar nitrate leaching with that of coconut shell biochar, but nitrate leaching increased with increasing rate of rice husk biochar on day 30-60. All biochar materials yielded similar potassium leaching at all rates. Application of 45 t rice husk biochar /ha resulted in the best maize growth.
Introduction
The amount of rainfall in the tropical climate can cause loss of nutrients through leaching. Water that can carry chemical fertilizer out from the rooting zone makes plants incapable utilizing nutrients provided by the fertilizers. The amount of nitrogen leached out from the rooting zone can be up to 80% (Lehmann et al., 2003) . Nutrients in the soil can be leached down away from the plantrooting zone of plants (Randall et al., 1997) . This can rapidly occur in loamy soils (Renck and Lehmann, 2004) . Intensive leaching of nutrients results in low soil pH, especially when this occurs in degraded soils.
Soil degradation severely limits soil fertility and crop production. Thus, low soil fertility will hinder the sustainability of agricultural systems. In addition, the length of flooded or saturated water conditions (drainage) is very important for the management of water and plant nutrients. Application of mulch, compost, and fertilizer improves soil fertility. However, under tropical conditions, organic matter is rapidly oxidized and added bases are rapidly leached (Tiessen et al., 1994) . On the other hand, application of biochar has been proved to reduce nutrient leaching (Downie et al., 2009) , and after incorporation into soil, biochar improves soil fertility (Lehmann et al., 2003; Steiner et al., 2007) , increase the efficiency of N fertilizer (Widowati et al., 2012) , and reduce the use of K fertilizers in Inseptisols (Widowati and Asnah, 2014) . Biochar as a soil amendment is potential for improving crop yields and quality of degraded soils. Biochar generated from black carbon biomass has been shown to increase yields (Lehmann et al., 2003) . However, information of their effects on nutrient leaching in clay loam soils is limited.
Biochar can be generated from various sources of biomass and pyrolysis conditions. Pyrolysis is a thermo chemical process in which biomass is converted to biochar through heating with limited oxygen supply. Biochar has different properties depending on raw materials and pyrolysis conditions used (Bonelli et al., 2010) . According to Singh et al (2010) , nutrients content of biochar is strongly influenced by the type of raw materials and pyrolysis conditions. According to Nguyen et al. (2004) , biochar produced from various organic materials under different conditions will give different effects on soils. The amount of biochar added to the soil will influence the effectiveness of biochar in reducing soil N loss and improving plant growth. Plant response to biochar application has been reported to vary because of varying nature of biochar, depending on the biomass source and pyrolysis conditions (Major et al., 2009) . Mineral contents of biochar generated from different raw materials also vary considerably (Yao et al., 2012) . However, there is only limited study on the effect of biochar materials and rates on nutrient leaching and plant growth.
Biochar has been shown to reduce the loss of nutrients through leaching, thereby increasing the availability of nutrients, both in the laboratory (Singh et al., 2010) and in the glass house (Lehmann et al., 2003; Widowati et al., 2012) . However, there is no information about the interaction between the material and the dose of biochar in reducing leaching of nutrients, especially N and K, as well as its influence on nutrient uptake and plant growth. It is thought that application of biochar will improve soil fertility and reduce nutrient leaching. Therefore, the purpose of this study was to elucidate the effect of various sources and doses of biochar on leaching of N and K from soil and uptake of N and K by maize. Soil used for this study was an Alfisol of Jatikerto Village, Sumber Pucung District of Malang Regency. The soil has the following characteristics: 0.39% C content. pH 5.5, 0.08% total N; 0.68% organic matter, 6.35 mg/kg P (Bray 1), 0.43 mg /100g K, 0.54 mg100/g Na, 4.36 mg100/g Ca, 1.85 mg/100g Mg, 51% base saturation, 14 mg/100g CEC and clayey loam texture (21% sand, silt 47%, and 32% clay). The soil is located on a gently sloping land of 25% with an effective depth of <30 cm and has severely undergone water erosion for decades. Cassava and sugarcane are the dominant cultivated crops in the area.
Materials and Methods
Biochars used for this study were generated from rice husk, wood, coconut shells that were all collected from nearby soil sampling sites. The biochar was produced using pyrolysis at a temperature of 500 to 700°C for 9 hours. All biochars produced were ground to pass through a 2 mm sieve for the analyses of their chemical compositions. The results of analysis are presented in Table 1 .Treatments tested in this study consisted of three biochars (rice husk, wood, coconut shell) and four rates of application (0, 15, 30, 45 t / ha). Twelve treatments (three biochars and four application rates) were arranged in a randomized block design with three replicates. Dry ground (< 2mm) of each biochar was incorporated in 8 g of air-dried soil placed in a PVC tube (50 cm diameter and 14.4 cm length). Before pouring the soil-biochar mixture into the tube, 24 small marbles were placed over the bottom stem of each tube to facilitate water infiltration. A cap having pores of 3.0 mm (4 pore/cm 2 ) was fitted at the bottom of the tube and was connected with ahole. Water was then added to bring the soil water content to approximately 70% of the water holding capacity. A glass wool pad was placed on top of the soil-biochar mixture in the tube. After 7 days of incubation, three seeds of maize (Pioneer 21 variety) were planted in each tube and thinned to one after 10 days. All tubes received basal fertilizers consisting of 135 kg N (urea) /ha, 35 kg/ P 2 O 5 (SP36)/ha, and 110 g K 2 O (KCl)/ha. Urea and KCl were supplied twice (1/3 of the rate on day 7 and 2/3 of the rate on week 4). SP36 was supplied at the planting time while no pesticides or herbicides were applied. After 14 days, all tubes were weekly leached with similar amount of water. Seven times of leaching process required as much as 12L of water. The amount of water used for leaching was increased in line with plant growth, i.e. 1 L at weeks 2-3, 1.5 L on week 4, 2 L on week 5-7, and 2.5 L on week 8. After leaching, the moisture content of the soil-sand mixture in the tube was brought back to the approximate water holding capacity. Each leaching process was started at 07.00 AM and leachate was collected at 15.00 pm. The leachates were analyzed for its nitrate and potassium concentrations.
Maize leaf area was measured with a leaf area meter, leaf area index was calculated from leaf area divided by spacing (80x25 cm), total plant dry weight, and levels of N and K in leaf samples were observed on day 60, while stem diameter and plant height were measured at 30 and 60 days. At harvest (62 days), aboveground biomass was collected by cutting at the base of maize stalks. The biomass was then oven dried at 60 o C for 72 hours, weighed and ground to pass through a 1 mm sieve for analyzes of nitrogen and potassium contents. The volume of water leached was calculated from the accumulation of water during the leaching process (day14-60). All data obtained were subjected to analysis of variance using SPSS version 13.0 software. Significant differences for the effect of material and biochar rates were analyzed using HSD test at P = 0.05.
Results and Discussion

Water, nitrate, and potassium leached
There was an interaction effect of biochar material and biochar rate on the volume of water leached ( Table 2 ). The added water filled the soil pore spaces and the rest went down as the infiltration water and as the water leached out/drainage. Most of water retained by the soil was used for growing crops (Table 3) . Of 12 liters of water supplied during the leaching process, the water drain collected ranged from 2.7 to 6.7L (Table 2 ). The greatest volume of water leached was observed for treatments without biochar. Application of coconut shell and rice husk biochar (45 t/ha) resulted in the lowest volume of water leached. This means that the water has been absorbed by the plant and / or retained by the soil so that the water leached was reduced. Water and nutrients absorbed by plants were used to establish the production of dry matter (Table 3) . Table 2 . Effects of biochar materials and biochar application rates on leaching of nitrate and potassium. *) Treatment: S = rice husk; K = wood; T = coconut shell, 0, 15, 30, 45 = rats of application (t/ha) Treatments without biochar generated the lowest biomass production because there was not enough water to form plant material, as most of water was leached out from the soil. Data presented in Table  2 show that the more biochar was added the lower was the volume of water leached. Biochar reduced the volume of drainage water by twice.
The amounts of nitrate and potassium leached during maize growth on day1-30, 30-60, and 1-60 are presented in Table 2 . There was no interaction effect of biochar material and biochar rate on nitrate leaching on day 1-30 after planting, but the interaction occurred on day 30-60 and 1-60 after planting. It was recorded that there was a similar pattern observed in potassium leaching.
Hence, the higher biochar rate applied, the lower was the leaching of nitrate and potassium although the amounts of N and K in the soil increased (Table 2) . At early maize growth (day1-30), the lowest nitrate leaching was observed for coconut shell treatments, and the highest was for rice husk treatments. Application of 45 t biochar/ha resulted in the lowest nitrate leaching. However, at the subsequent growth (day30-60), nitrate leaching increased twice with increasing rates of rice husk biochar. This seems to be related to the increase of N with increasing rate of biochar applied. Nitrogen from urea added to the soils was 6.4 g/pot in each treatment.. Table 3 . Effects of biochar materials and biochar rates on plant height and N uptake after leaching. *) Treatment: S = rice husk; K = wood; T = coconut shell, 0, 15, 30, 45 = rats of application (t/ha)
The amount of N leached increased with increasing rates of rice husk biochar. This may be related to the relatively high N content of the rice husk (Table 1 ) which led to the high release of nitrate to be leached out from the system. In contrast, nitrate leaching did not increase with increasing rates of wood biochar on day 30-60. At a rate of 15t/ha, soil N ranged from 14.5 to 15.3 g /pot and N leached ranged from 0.5 to 1.3mg/L. At a rate of 30t/ha, soil N ranged from 17 to 18g/pot and N leached ranged from 0.8 to 1.9mg/L. At a rate of 45t/ha, soil N ranged from 18.8 to 20.9g/pot and N leached ranged from 0.6 to 2.2mg/L.
There was an interaction effect of biochar material and biochar rate on potassium leaching on day 1-30. The highest leaching of K on day 1-30 and day 30-60 were observed at treatments applied with 45 t coconut shell biochar/ha. This is related to the higher K content of coconut shell than that of other materials (Table 1) . It is presumed that the amount of K taken up by plant was very small at early plant growth, yet the amount of available K in the soil was relatively high. Thus, most of K was leached from the system. On day 30-60, the lowest potassium leaching was observed for 45t wood biochar/ha treatment. The amount of K leached ranged from 7.7 to 25.5mg/L (rate of 15t/ha) of soil K 7.9 to 9.5g/pot; 14.8 to 19.3mg/L (rate of 30t/ha) of soil K 8.3 to 11.7g/pot; and 8.4 to 28.8mg/L (rate of 45t/ha) of soil K 8.7 to 13.8g/pot.
Treatments without biochar yielded the lowest growth that led to the loss of water through leaching and drainage (Table 2 ). Plant growth affected the volume of water leached. When the plants are still young with slow plant growth, there is only small amount of nutrients and water absorbed by the plant. During this stage, application of biochar reduced N leaching and increased K leaching. This occurred when the substantial amount N was taken up while the amount of K uptake was very small.
It is important to note that the amount of urea added at the early growth seemed to have met the needs of young plant under leaching conditions. Novak et al.(2009) reported that biochar derived from pecan shells was able to reduce nitrate leaching from the soil for more than 25 and 67days. Biochar has been found to improve nutrient retention, especially N in tropical soils that receive intensive rainfall (Lehmann et al., 2003; Steiner et al., 2007) .
Although the amount of N in the biochar treated soil was substantial (14.5 to 20.9 /pot), there was only a small amount of N leached (Table 2 ). This is probably because of N contained in the biochar has not yet been released and dissolved during the leaching process. This was not the case with subsequent growth. At the beginning of the growth (30 days), biochar effectively reduced N leaching at high rates and biochar materials affected the amount of N leached. Rice husk biochar yielded the highest nitrate leaching while wood biochar yielded the lowest nitrate leaching.
On day 30-60, application of 45 t rice husk biochar/ha resulted in the highest N leaching, followed by 30 t rice husk biochar/ha. Cumulatively (1-60 days), application of 30t and 45 t rice husk biochar/ha resulted in substantial amount of N leaching. This was related to the amount of soil N generated from urea and biochar (14.53 to 20.95 g/pot). However, the amount of N taken up by the plant was also high to promote plant growth (Table 3 ). This indicates that the amount of N taken up by plants was higher than that leached. Two third rate of urea was applied on day 30-60 after planting.
Application of wood biochar did not increase nitrate leaching although the amount of available N in the soil increased with addition of biochar, except for rice husk biochar. Application of rice husk biochar at high rates resulted in high loss of nitrate. It is assumed that N in the husk biochar was released and dissolved during the leaching process.
At the beginning of plant growth, potassium loss increased with application of wood and coconut shell biochars at rates of 30 and45t/ha. The results are consistent with that reported by Lehmann et al. (2003) that application of biochar can increase the leaching of K, but not for Ca and Mg. Nutrients leaching increased during the first10-20 days after fertilizer application. Fertilization will cause intensive K leaching when biochar is applied to a Ferralsol. At subsequent growth (30-60 days), application of rice husk biochar did not increase K leaching. Application of wood biochar also did not increase K leaching, the use of high rate (45 t /ha) even reduced the loss of K. The amount of potassium leached from the soil applied with 30t biochar /ha did not differ from that applied with 200kg KCl/ha. Potassium is proven very mobile in the soil and up to 30% of K in the fertilized soil will rapidly being leached (Lehmann et al., 2003) .
Maize growth and uptake of N and K under leaching conditions
There was an interaction effect of biochar material and biochar rate on plant height (at 30 days), andstem diameter, biomass production, leaf area index, and N uptake (at harvest). Biochar material and rate separately affected K uptake by maize. Maize grown on media without application of biochar produced the lowest plant growth, N uptake and K uptake. Application of 45 t rice husk biochar/ha resulted in better plant height, stem diameter, leaf area index, and biomass production compared to other treatments (Table 3) . This is related to the highest uptake of N and K (Tables 3  and 4) .
On day 30, application of 45 t wood biochar/ ha produced similar plant height to treatments without biochar application. At that age, the plants showed symptoms of P deficiency as indicated by the presence of purple colour in the leaves. It isassumed that during the initial growth of maize up to day 30, wood biochar did not demonstrate effectiveness in improving the condition of the soil as the high C/P ratio interfered with the uptake of P. However, after day 30-60, plant growth improved (Table 3 ) and no indication of P deficiency. Therefore, the level of K uptake increased with the increasing rates of biochar (Table 4) .
In the first 30 days, all biochar added to soil improved maize growth, except for 45t wood biochar/ha. Application of 45t wood biochar/ha resulted in higher plant height than the treatment without biochar. Application of 45t/ha interfered with the uptake of nutrients compared to the rates of 15 and 30t/ha. This was indicated from the lowest plant height in early growth. Wood biochar used in this study contained the highest carbon but the lowest P (Table 1) .
The higher the rate of wood biochar applied, the earlier was the occurrence of P deficiency. As observed on day 16, there was a purple leaf colour on wood biochar treatment of 45t/ha. This was similar to that of treatment without biochar. P deficiency symptom also appeared on wood biochar of 15 and 30t/ha on day 21. It is possible that after 21 days the increase in pH led to the increase of P availability. This was proven by the disappearance of purple colour on day 35 (Table  3) .
Plant height, plant biomass, and leaf area index were lower at the 15 t/ha treatment than that of 30 and 45 t/ha treatments for any biochar materials. At the end of experiment, biochar application gave better growth than without biochar application. Application of 45 t rice husk biochar/ha yielded the best plant growth. This was because of the lowest N leaching on day 30 so N held in the soil was used to increase the uptake of N by maize (Table 3) , and to improve plant growth ( Table 2 ). The increase of soil water content after leaching (Table 4 ) kept soil moisture for the process of nutrient uptake (Table 3) .
The improvement of plant growth by the application of biochar is because of the important role of biochar as a soil amendment that improves soil conditions. When biochar is used as a soil amendment material along with organic and inorganic fertilizers, various biochar have been reported to improve crop yields, crop productivity, and nutrients (Chan et al., 2008) . In addition, biochar has a direct effect in the form of nutrient content (Table 1) .
Although nutrients in the biochar and soil used for this study were low as the soil has been experiencing leaching process, the plant still up took nutrients, especially N and K to form biomass (Table 3 ). This occurs because of the ability of biochar to retain nutrients. Results of this study are consistent with that reported by Lehmann et al. (2003) that biochar may have a direct effect due to nutrient content and many indirect effects, including nutrient retention.
Soil water content
There was an interaction effect of biochar material and biochar rate on soil water content after leaching on day 30. Biochar materials and biochar rates separately affected soil water content before and after leaching on day 60 and before leaching on day 30 (Tables 2 and 4 ). Soil water contents before and after leaching are shown in Tables 2  and 4.   Table 4 . The effect of biochar materials and biochar rates on plant height, K uptake, N leaching, and soil water content on day 1-30.
Treatments without biochar application showed the highest soil water content before leaching on day 30 and after leaching on day 60. The lowest soil water content was found before leaching on day 60 (Table 4 ). The highest soil water content was found in wood biochar treatments. There was no difference in soil water content before and after leaching between rates 30 and 45t/ha on day 60 (Table 4) . However, the application of 45t wood biochar/ha resulted in the highest soil water content after leaching on day 30 (Table 2 ). Water content after leaching increased with increasing rates of biochar (Table 2vand4) . Application of biochar increased 54,78% water storage, while that without biochar application was 50.86%. As reported by Widowati and Asnah (2014) leaching of K from litter biochar affected the amount of water drained which tended to decrease with increasing rates of biochar. The use of biochar can improve soil porosity (Widowati et al., 2012; Steiner et al., 2007) .
In this case, porosity is indicated by drainage pore. The lower the value of rapid drainage pores, the greater is the water holding capacity and available water content (Prima and Gunadi, 2010) . Biochar is a very porous material having has a lower density than soil (Downie et al., 2009 ). According to Lehmann et al. (2003) , biochar does not decrease water percolation and cause nutrient retention. Water retained by the soil was used for plant growth (Table 4) . Soil water content before leaching varied according to plant growth. After leaching on day 30, the highest soil water content was the wood biochar treatment of 45t/ha (Table  4) . This was related to the plant growth. Similarly, the lowest volume of water leached was observed for 45t wood biochar/ha treatment.
Conclusion
There was an interaction effect of biochar materials and biochar rates on leaching of nitrate (except on day 30) and potassium, N uptake, biomass production, leaf area index, plant height, and stem diameter. Nitrate leaching was reduced by application of biochar on day 1-30. The lowest nitrate leaching was at 45t wood biochar/ha treatment. Application of 45 t coconut shell biochar/ha resulted in the highest K leaching. On days 30-60, application of biochar materials (except for rice husk biochar) produced similar leaching of nitrate and potassium. The more rice husk biochar applied the more nitrate was leached.
Treatments without biochars yielded the lowest N and K uptake. The lowest K uptake was observed for application of wood biochar. Application of 45 t rice husk biochar/ha resulted in the highest biomass production, leaf area index, plant height, ands tem diameter. After leaching, the highest soil water content (55.43%) was observed for 45t wood biochar/ha treatment at 30days. On day 60, the highest soil moisture content (20.08%) was found at the wood biochar treatment. The volume of water leached decreased with increasing rates of biochar applied.
